Background This study aimed to assess psychological distress (PD) in earthquake-stricken communities with regard to the extent of property damage for 3 years following the 2004 Niigata-Chuetsu earthquake in Japan.
Introduction
A large earthquake hit the Niigata-Chuetsu area of Japan on 23 October 2004, with a near-epicentre maximum seismic intensity of 7 on the Japan Meteorological Agency's Intensity Scale. The 2004 Niigata-Chuetsu earthquake caused substantial property damage, with 16 000 houses and buildings partially or completely destroyed. 1 The Niigata-Chuetsu earthquake also affected lives and killed .60 people. Because this earthquake occurred in a thinly populated area, mortality was much lower than in the 1995 Hanshin-Awaji earthquake (Kobe, Japan), which killed 6000 people. 2 A large earthquake adversely affects the psychological status of victims. 3 The Niigata-Chuetsu earthquake was no exception, and various symptoms of psychological distress were reported soon after the earthquake. 4 One important factor accounting for poor psychological status following a large earthquake may be property damage. Numerous epidemiological studies have shown an association between property damage and psychological and/or psychiatric problems, such as psychological distress, post-traumatic stress disorder and depression. 5 -10 These studies reported that higher levels of property damage was associated with poorer psychological status 1-24 months after an earthquake. Despite these statistically significant associations, few studies have investigated the impact of property damage on psychological health at the community level. In addition, while the above studies evaluated relatively short-term effects of property damage on psychological heath, most of these studies 5,6,8 -10 were conducted 1-14 months after an earthquake and only one study 7 was conducted 2 years after an earthquake. Thus, a paucity of longer-term data on this issue is evident.
Ojiya City, located near the epicentre of the Niigata-Chuetsu earthquake, suffered enormous property damage. The prefectural government reported that almost all houses were more or less destroyed, and 30% of houses were halfcompletely destroyed. 1 Geographic distribution of the proportion of property damage appeared to be mosaic rather than uniform, even within the city, likely due to different geological features of the land. People in communities with substantial property damage may have poorer psychological status; if so, better public health services should be provided for communities such as Ojiya.
To provide post-earthquake mental care for people in Ojiya, psychological evaluations in the setting of annual health checks-ups were conducted for three consecutive years after the earthquake. The aim of this study was to assess psychological distress in specific relation to the extent of property damage for 3 years following the Niigata-Chuetsu earthquake.
Participants and methods

Participants
Ojiya City is located within 14 km of the Niigata-Chuetsu earthquake epicentre (37.2898N, 138.8708E). 11 The population of Ojiya before the earthquake was 41 380 (1 April 2004) and 40 737 one year after the earthquake (1 April 2005) . 12 The number of people in temporary housing in the city (as of 17 December 2004) was 2292 ( 5.5% of the population). 12 This study was conducted by the local government as a part 
Procedure
Trained nurses in Ojiya interviewed health examination participants between April and November each year and elicited information regarding psychological distress symptoms. Data on age, sex, employment status, area of residence (city or rural), alcohol drinking habits, smoking status and current disease were collected. Drinking habits were recorded as (i) none, (ii) sometimes and (iii) almost every day, and smoking status was a smoker or not. Subjects were also asked if they currently had any diseases including hypertension, hyperlipidemia, cerebrovascular disease, cardiovascular disease, other heart diseases, kidney disease, diabetes, anaemia and/or liver disease, any of which required medication. Psychological distress symptoms were assessed with the Kessler Psychological Distress Scale (K10). 13 The 10-item scale measures feelings of nervousness, hopelessness, restlessness, worthlessness and depression. Responses were recorded using a five-category scale (1, none of the time; 2, a little of the time; 3, some of the time; 4, most of the time and 5, all of the time) for feelings experienced within the previous 30 days, with a total score ranging from 10 to 50 points. A high K10 score tends to reflect a high level of psychological distress with depression, anxiety and other psychiatric symptoms. The Japanese version of K10 was previously developed and validated, with screening performances equivalent to those reported for the original English version. 14 Participants with a K10 score 20 in the present study were considered to have psychological distress. 14 In addition, participants with a K10 score 30 were considered to have serious psychological distress. 15 The extent of property damage was evaluated from October 2004 to July 2005, with direct inspection by Ojiya investigators. According to criteria established by the Japanese government, property was categorized as 1, not damaged; 2, partially damaged (less than half); 3, half or largely (but not completely) destroyed and 4, completely destroyed. 16 People with houses determined to be half-completely destroyed were experienced difficulty in residing there and were evacuated to relatives' homes or temporary housing constructed by and in Ojiya. The proportion of half-completely destroyed houses in communities was thus adopted as an index of property damage for this study. Ojiya City has 12 districts, by which earthquake damage is categorized in Table 1 . The Yoshidani and Higashiyama districts suffered the heaviest damage. Each district includes subdistricts, with a total of 137 in Ojiya.
Statistical methods
Changes in the prevalence of psychological distress over the 3 years were assessed by the Cochran Armitage test for trend. The x 2 test was used to test independence of categorical data POST-EARTHQUAKE PROPERTY DAMAGE AND MENTAL HEALTH in bivariate analysis. Prevalence rates of psychological distress were compared among groups of subdistricts based on the extent of damage. Distribution of the proportion of halfcompletely destroyed houses in the 137 subdistricts is shown in Supplementary data, Fig. S1 . The subdistricts were divided into quartiles by the proportion of half-completely destroyed houses, with cut-off points at 18.9, 30.5 and 66.7%. Simple and multiple logistic regression analyses were used to calculate prevalence odds ratios for having psychological distress (K10 score 20). In multiple logistic regression analyses, odds ratios (ORs) were adjusted for sex, age and employment status (unemployed or other), as lack of employment was found to be associated with psychological distress, 17 drinking, smoking and current diseases requiring medication. Data were analysed using the SAS statistical software (release 9.1.3, SAS Institute, Inc., Cary, NC, USA), with P , 0.05 considered statistically significant.
Results
The prevalence of psychological distress (K10 score 20) was 1202/7071 (17.0%) in 2005, 857/6495 (13.2%) in 2006 and 774/6565 (11.8%) in 2007, and thus decreased over the 3 years (P , 0.0001). The prevalence of psychological distress by demographic characteristics and districts for each year are displayed in Table 2 . Women had a significantly higher prevalence than men in 2005. Differences in prevalence by age or employment status were not apparent in any year. All 4341 participants attended all three annual examinations.
The prevalence and ORs of psychological distress for each year in subdistricts grouped by the extent of damage are shown in Table 3 . In 2005, psychological distress prevalence in the 'more' and 'most' damaged subdistricts was significantly higher (adjusted OR ¼ 1.47 and 1.44, respectively) than that in the 'least' damaged subdistricts (reference), showing a dose-dependent relationship (adjusted P for trend ¼ 0.0005). In 2006, the prevalence in the 'most' damaged subdistricts was significantly higher (adjusted OR ¼ 1.41) than that of the reference, with a dose-dependent relationship (adjusted P for trend ¼ 0.0413). In 2007, although 'more' damaged subdistricts had a significantly higher prevalence (adjusted OR ¼ 1.25) than the reference, there was no dose-dependent association between the extent of property damage and psychological distress (adjusted P for trend ¼ 0.1816). The prevalence and ORs of serious psychological distress (K10 score, 30) for each year in subdistricts grouped by the extent of damage are displayed in Supplementary data, Table S1 . We identified no dose-dependent associations between the extent of property damage and psychological distress.
The prevalence and ORs of psychological distress for each year in subdistricts grouped by the extent of damage by sex are displayed in Table 4 . The overall relationships were similar to the results of Table 3 in both sexes, with one exception. Among men, we observed a trend for those in more damaged subdistricts to exhibit a higher prevalence of distress in 2005 (P for trend ¼ 0.1360) and in 2006 (P for trend ¼ 0.1105). No such trend was observed at all in 2007 (P for trend ¼ 0.7972). Among women, we noticed a similar trend to that of 
Discussion
Main findings of this study
The prevalence of psychological distress in communities with substantial property damage was 1.4 -1.5-fold higher than that in communities with minimal damage, revealing a dosedependent relationship within 1 year after the earthquake. Thereafter, differences in the prevalence between areas with high versus low damage decreased with time. These differences had nearly disappeared by 3 years after the earthquake.
What is already known on this topic
Property damage is considered a major factor that contributes to psychologically unfavourable effects on disaster victims. Several studies reported the short-term (,1 year) effects of property damage; 5,8 -10 studies on longer-term (1 year) effects, however, have been limited. Chen et al. 7 reported that those with complete property destruction had a significantly increased prevalence of post-traumatic stress disorder (OR ¼ 1.2, versus partial property destruction) but not psychological distress (assessed by a 12-item general health questionnaire) 2years after the 1999 Chi-Chi earthquake in Taiwan. Başoglu et al. 6 reported a significant correlation between levels of property damage and post-traumatic stress disorder 14 months after the 1999 earthquake in Turkey. Neither study provided sufficient evidence of a possible association between property damage and long-term psychological distress.
What this study adds
In the present study, the more damaged subdistricts had a significantly higher prevalence of psychological distress than reference subdistricts, 1 and 2 years after the earthquake, with prevalence rates for both groups decreasing in the same period. No significant association was identified 3 years after the earthquake (in 2007). Therefore, effects of earthquake damage POST-EARTHQUAKE PROPERTY DAMAGE AND MENTAL HEALTH on psychological health seem to persist for 2 years. Long-lasting effects may be partly due to factors related to property damage (e.g. financial problems), which can last long after a disaster. 18 Our subgroup analysis according to sex suggested that the effects of property damage on psychological health in women persist longer, i.e. at least 3 years. Although general sexdependent differences in post-disaster mental health have not been established, 17 long-term, poorer psychological status in women (relative to that in men) was observed in another community after the Niigata-Chuetsu earthquake, likely due to their dependent roles within the rural society. 17, 18 The present study findings could also be interpreted to indicate that women experience more stress from the increase in domestic burden when their homes are damaged. As such, women may require more care than men in this regard.
We evaluated the prevalence of psychological distress in damaged communities by comparisons with the least damaged communities in an earthquake-stricken area, rather than a normal population. The prevalence of psychological distress in normal populations assessed by K10 has been seldom reported. Slade et al. 19 only provided normative data on the prevalence of psychological distress in a nationally representative Australian population. They reported a prevalence of 6.9% with a K10 cut-off score of 21/22. Using the 21/22 cut-off, prevalences in the least damaged subdistricts (reference) of the present study were calculated as 5.1% in 2005, 2.9% in 2006 and 3.2% in 2007. Distress prevalence in the least damaged subdistricts, particularly during 2006 and 2007, is, therefore, likely to be as low as a normal population, although ethnic differences were not taken into account.
Despite the cross-sectional nature of this study, it is apparent that property damage and psychological distress have a causal relationship. The mechanism by which property damage increases the risk of psychological distress is complex. Property damage can lead to several factors or events that are also associated with psychological distress, such as financial problems, living at a relative's home or temporary housing, loss of social contact and injury of self or family members. 6, 8, 17 In addition to financial problems, loss of social contact has been shown to be a strong predictor of long-term psychological distress for victims of the Niigata-Chuetsu earthquake, and may thus be particularly important. 17, 18 We did not evaluate the extent of property damage for each participant and consequently did not show personal risk of psychological distress in relation to property damage. In communities affected by disaster, not only personal property but also public infrastructure, social networks and human relationships are damaged. Therefore, the present study revealed the impact of property damage on psychological distress in the community. This information should be useful for policymakers in public health, who must be made aware of the need for long-term mental health care in a damaged community after an earthquake.
Generalization of the results of this study should not be made lightly. The Niigata-Chuetsu earthquake hit generally rural areas, and thus the results of this study may not be applicable to highly urban areas. This is primarily because social networks, which serve as an important determinant of psychological distress, is apparently weaker in urban areas. Our results may also be irrelevant in areas or countries in which infrastructure including water and power lines are not well maintained. As most lifelines were restored within a month or two following the earthquake, most people in Ojiya remained in the city. If these lifelines are not promptly restored, the victims' lives and psychological statuses would differ markedly.
We surmize that a high prevalence of psychological distress lasts in communities with substantial property damage, especially in women. Long-term mental health care is greatly needed in heavily damaged communities following a large earthquake.
Limitations of this study
The strength of this study is that the extent of property damage was evaluated objectively by the local government in a validated manner for exposure assessment, rather than relying on self-reports by participants. The present study also has some important limitations. First, the present study potentially suffered from selection bias. Participation in the health check examinations was not very high ( 55%), and participants were not randomly selected. Those with relatively poor mental health might not have participated in the examination. This inference is based on the fact that the prevalence of psychological distress (K10 score 20) in the participants who attended all three health examinations tended to be lower (16.8% in 2005, 12.3% in 2006 and 11.6% in 2007) than that of all subjects of this study (17.0% in 2005, 13.2% in 2006 and 11.8% in 2007). Therefore, we may have underestimated the level of psychological distress and ORs that can be applied to the entire Ojiya population. Notably, some people moved out of the city after the earthquake, although this number seems to be fairly low. The decrease in the Ojiya population from 2004 to 2005 was low (1.6%), and a retrospective survey 20 showed that the proportion of people who evacuated from the city was 3.0% in the Matto district and 3.2% in the Katakai district in Ojiya. Second, we did not sufficiently control for unknown confounders that may have affected ORs. For example, we considered house damage, but ground damage may have also affected the lives of residents engaged in primary industries, such as farmers.
